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ABSTRACT 


Aspen, conifer and mixed aspen/ conifer forests have been mapped fOr a 
15-quadrangle study area in the Utah- Idaho Bear River Range using Landsat 
multi spectral scanner data. Digital classification and statistical analysis 
of Landsat data allowed the identification of six groups of signatures which 
reflect different types of aspen/conifer forest mixing. Photo Interpretations 
of the print symbols suggest that such classes are indicative of arid to late 
serai aspen forests. Digital print map overlays and acreage calculations 
were prepared for the study area quadrangles. Further field verification Is 
needed to acquire additional information about the nature of the forests 
which have been examined via remote sensing. This study suggests that single 
date Landsat analysis will be a cost effective means to index aspen forests 
which are at least In the mid serai phase of conifer invasion. Since aspen 
canopies tend to obscure understory conifers for early serai forests, a 
second date analysis, using data taken when aspens are leafless, could provide 
Information about early serai aspen forests. 
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INTRODUCTION 


Forests of quaking as pen (PoduIus tremuloides Hichx.) are considered 
to be predominantly subclimax plant communities in the Rocky Mountain Region 
(Mueggler 1976; Bartos 1973). Mature aspen -orests are most often replaced 
by evergreen conifers (Abies spd. . Picea spp.« Pseudotsuoa spp. t or Pinus 
spp.) unless some form of major disturbance occurs such as fire* disease, 
or cl earcutting. When an overstory is thus destroyed, prolific root sprout- 
ing of asper. generally is initiated and aspen regains dominance on the site. 
In many areas where natural fires have been curtailed and logging has not 
occurred, former aspen stands are now dominated by coniferous species. More 
than 4.1 million acres of commercial aspen forests (Green and Setzer 1974), 
and possibly an additional 1.5 million acres of noncommercial aspen lands, 
exist in the Rocky Mountains. Resource managers are concerned that 
succession of sizable portions of these forests to conifers will have adverse 
impacts on the water, wildlife habitat, and livestock forage values of the 
aspen type. 

The Intermountain Forest and Range Experiment Station is interested in 
developing research techniques which combine the use of remote sensing 
technology and ground truth data to study and map the extent of stable and 
serai aspen forests in the Intermountain area. The overstory attributes of 
aspen forests in various successional phases and changes in understory 
characteristics produced by conifer invasion of aspen, are expected to pro- 
duce distinctive spectral responses; the ability to detect such variations 
in aspen forests will be a valuable tool for inventorying aspen and 
associated range, wildlife and watershed attributes. Forest managers need 
to have a means to assess the extent to which aspen stands are being 
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converted to coniferous forests as part of the process of developing forest 
management plans. The application of Landsat digital processing methods 
suggests a relatively quick and inexpensive means to address the problems 
associated with the succession process on a forest, ranger district, or 
planning unit basis. 

Since the initial launch in July 1972, the NASA series of Landsat 
satellites has provided a valuable means of analyzing and mapping earth 
resources. Landsat data are derived from a satellite which, while orbiting 
the earth at an altitude of 570 miles in a near polar pattern, collects 
radiance values in four spectral bands of light on the electromagnetic 
spectrum via a multi spectral scanner (MSS). The bands sensed by the MSS are 
numbered four, five, six, and seven, which correspond to electromagnetic 
wavelengths for visible green, visible red, and two near infrared light bands, 
respectively. The data are available in the form of computer compatible 
tapes (CCT) that have the radiance values for all picture elements (pixels) 
in ail four bands. Each pixel represents approximately a 1.1 acre piece of 
the earth's surface. 

The raw digital data may be processed using a variety of computer pro- 
grams which have been developed to enhance visual contrasts, classify pixels, 
etc. The programs used at CRSC combine similar radiance value curves on all 
four bands for the pixels into "light signatures". Each signature is a 
class that represents light radiance values for different types of ground 
cover. Each pixel is then classified according to which light signature it 
best matches, and digitally classified maps are then field checked to 
determine map accuracy. Thus, Landsat data provides a unique means of 
analyzing envi rcnmenta i features which is often cost-effective where a high 
degree of resolution is not required for management purposes. 
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The study objective has been to utilize Landsat digital MSS data to 
devise quantitative indices which correlate with apparently stable and serai 
aspen forests, and use such indices to map and determine aerial coverage of 
several classes of stable/seral aspen forests in the Bear River Range of 
Idaho and Utah. This study has explored the extent to which a single date 
Landsat analysis may permit the delineation of different categories of 
aspen/ coni fer forest mix. 

A recently completed study (Merola and Jaynes 1982) of aspen forests 
in the Bear River Range suggested that tree canopy characteristics and 
physical site factors (e.g., slope, soil moisture) are most likely to be 
correlated with light signatures derived from Landsat data. Although that 
study suggested that seme understory characteristics were also correlated 
with Landsat classes, it is believed that such correlations stem from the 
fact that understory components reflect general forest and site conditions 
and not as a result of Landsat's ability to "see" the understory. However, 
Landsat light signatures for forests which have a relatively open canopy 
will be influenced more significantly by the understory features which are 
visible to the satellite's MSS. A study by Tom and Miller (1980) supports 
the conclusion above; those researchers found that digital topographic data 
significantly enhances the ability of MSS data to index and map forest site 
quality. However, a more recent study by Mayer and Fox (1981) concluded 
that detailed examination and calibration of MSS signatures could be used 
effectively in identifying coniferous forest species, tree size class, and 
forest crown closure. Such results, as well as other research efforts 
reviewed in Mayer and Fox (1981), offer encouragement that careful study of 
MSS data can be a cost-effective means of revealing the type of forest 
information sought in the present study. 
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STUDY AREA 


This study has focused on the application of techniques for Landsat 
forest mapping on nearly 500,000 acres in the Bear River Range of Utah and 
Idaho. Figure 1 shows the fifteen U.S.G.S. topographic quadrangles (scale 
1:24,000) for which map overlays have been prepared. 

METHODS 

The analysis and mapping performed in this study were accomplished at 
the facilities of the Center for Remote Sensing and Cartography, using digital 
data obtained from NASA's Landsat III satellite. The data necessary for the 
study, a computer compatible tape (CCT) recorded July 2, 1979, was already 
available at the Center. For data processing, the Center was able to utilize 
the "ELAS" package of computer software routines, developed by NASA's Earth 
Resources Laboratory in Missouri, which is operational on the University of 
Utah Research Institute's PRIME computer. 

A brief explanation of the nature of the data contained on CCT's follows. 
Each Landsat scene represents a huge matrix of individual cells called 
picture elements or "pixels", for which radiance values are recorded. Each 
scene contains over ten million pixels; each pixel represents an area which 
is approximately 56m by 79m (ca. 1.1 acre). The satellite's multi spectral 
scanner (MSS) records light reflectance values for the combined land cover 
or terrain features contained within each pixel. Reflectance values for 
four light spectral bands, two in the visible and two in the non-visible 
near infrared portions of the electromagnetic spectrum, are electronically 
relayed to earth receiving stations. The wavelengths corresponding to each 
band are as follows: 
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1. Locator map for the fift 
quadrangle study area in 
Bear River Range. 





Band 4 (green light) 
Band 5 (red light) 
Band 6 (near infrared) 
Band 7 (near infrared) 


500-600 nanometers (10 _9 m); 
600-700 nanometers; 

700-800 nanometers; 

800-1100 nanometers. 


The digital processing of Landsat data is performed to use MSS values 
for each pixel in classifying pixels of similar spectral characteristics 
into groups or classes, which can then be correlated with field data or 
"ground truth". The primary rationale for performing digital processing of 
MSS data has been stated by Hutchinson (1982), as follows: 

"The argument made for digital multi spectral classification is that, 
when considering the spectrum as a whole, different objects have 
different patterns of reflection and emission. Further, it is assumed 
that these spectral patterns are sufficiently unique to make objects 
consistently distinguishable from one another using statistical 
classification techniques." 

Although Landsat is a relatively inexpensive means of analyzing and 
inventorying large areas of vegetation resources, variability of objects 
within a single multispectral classification may be quite 'nigh (Todd, et al . 
1980). For this reason, efforts to increase resolution, and, .rore impor- 
tantly, efforts to use ancillary data (e.g., digital topographic data) to 
improve classifications are being performed (Tom and Miller 1980). As 
noted above, however, this study explores the utility of analyzing only 
spectral reflectance data to accomplish the objective. 

Raw Landsat data must first be reformatted to make them compatible with 
processing hardware. Next, the digital data are geographically corrected to 
remove the effects of earth curvature, spin, etc. (See Stage 1 of Figure 2.) 
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LANDSAT DIGITAL DATA ANALYSIS: STAGES 1 AND 2 
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Figure 2. Summary of steps in Landsat digital data analysis: Stages 1 and 2. 
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Thereafter, a program called "SEARCH" is utilized to generate statistics 
which characterize pixel groups having similar spectral features across 
the four bands. (See Stage 2 of Figure 2.) SEARCH is a routine which is 
used to provide training statistics for a program called "MAXL", which 
classifies individual pixels into groups based upon each pixel's lighest 
statistical probability of belonging to a given group. Initially, several 
blocks of data or "windows" within the Landsat scene were selected for the 
purpose of finding representative spectral signatures for forest classifi- 
cation in the study area; areas thus selected were known to contain the 
representative aspen, conifer, and aspen/conifer forest mixes of interest. 

Once the study windows are selected, the program SEARCH examines each 
contiguous six scan line (Landsat pixel matrix "row") by six element block 
(pixel matrix "column"); if the spectral data within the six by six block 
are too heterogeneous, the program will switch to the use of a three by 
three block of pixels. The statistics generated by SEARCH include mean 
pixel light radiance values for each of the four bands, a covariance matrix, 
and a priori values. A set of statistics is generated by SEARCH representing 
various classes of light reflectance patterns found in the study area 
"searched". The four mean light reflectance values, one for each MSS band, 
are plotted to form a curve called a "light signature" which characterizes 
each class. SEARCH thus "trains" MAXL to recognize different ground cover 
patterns as it places individual pixels into classes. A knowledge of the 
manner in which different land cover features form spectral signatures, 
combined with the analysis of aerial photography and field checking of 
digital classifications, allows remote sensing researchers to provide an 
interpretation of Landsat-derived classes. 
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In this study, the SEARCH program produced sixty-seven signatures; 
further efforts were directed toward finding those signatures which 
would most likely reflect different types of aspen/conifer forest habitat. 
Stage 2 of Figure 2 illustrates several of the steps utilized in making 
detailed studies of signatures. The signature plot, described above, 
permits a substantial amount of interpretation; spectral signature shape 
and magnitude of reflectance are diagnostic of land cover types. Generally, 
similarly shaped signature curves indicate similar cover types while 
upward or downward shifts of similar curves indicate differences in 
topography or amount of ground cover. 

Spectral signatures are also studied statistically to detect similari- 
ties and differences. First, a principal components analysis of the 
mean values for each signature's four MSS bands reduces such data to 
factor scores for two components; typically bands 4 and 5 are combined 
into one component ("visible" light), and bands 6 and 7 combine to form 
the second ("infrared" light). Next the factor scores are used in a 
cluster analysis which groups spectral signatures according to a similarity 
index. Finally, the factor scores and group clusters are used in a 
discriminant analysis of the signatures. The two-dimensional scatter 
plot produced in the discriminant analysis allows one to receive a 
graphical view of signature relationships; the discriminant analysis 
scatter plot, with two axes representing the visible and infrared light 
components, may be divided into regions or groups of signatures that 
correspond to similar ground cover types. This process is a vital link 
in allowing an often unmanageable number of signatures to be combined 
into groups of similar signatures. This procedure allows the researcher 
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a great deal of flexibility in performing Landsat digital analysis; a 
large number of signatures are available and one may concentrate on the 
signatures of particular interest, while signatures of lesser interest 
may be grouped together. The use of discriminant analysis, based on MSS 
principal components and cluster analyses, in combination with examination 
of spectral signature plots and field experience has been a key element 
in achieving good results from the unsupervised approach to Landsat data 
analysis. Such analyses were performed for the signatures in this study 
and will be discussed below. 

An additional and most vital dimension to the process of digital 
data analysis is calibrating spectral signatures with "ground truth". 

This is accomplished by assigning print symbols to each signature or 
signature group and printing maps which may then be registered to standard 
base maps or referenced to photographs and field study sites. In this 
study, digital print maps were prepared for representative U.S.G.S. 7H 
minute quadrangles (scale 1:24,000): Paris Peak, Mink Creek, Egan 

Basin, Mt. Elmer, Tony Grove Creek, and Logan Peak. Calibration of 
spectral signatures with actual land cover types was accomplished primarily 
by use of U.S.G.S. orthophoto quadrangles, high altitude color infrared 
photography (i.e. NASA and National High Altitude Program photography), 
and low altitude Forest Service natural color photography. Over 100 
photo sample sites selected mainly for aspen and aspen/ conifer forest 
areas were located on the digital print maps; these same areas were 
identified on corresponding photography and interpreted with respect to 
forest type, canopy ensure and understory vegetation (if the forest 
canopy was open or closed with forest openings). In addition, twenty- 
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six field study plots from a former study (Merola and Jaynes 1982) and 
U.S.G.S. topographic quads with twelve sample areas Identified by personnel 
of the Intermountain Forest and Range Experiment Station from ground 
observations were also used in the signature calibration process. A 
reconnaissance trip through the study area was made to further familiarize 
the researchers with the nature of the vegetation being studied with 
Landsat data. The above-described process of Interpreting and combining 
spectral signatures based upon signature curve similarity, discriminant 
analysis of the signatures and calibration of signature print symbols 
with photograph and ground observations Is outlined In Stage 2 of Figure 
2 and Stages 3 and 4 of Figure 3. 

RESULTS AND DISCUSSION 

The process of generating representative spectral signatures by 
SEARCH produced 67 signatures. Each pixel within the study area was 
then classified Into one of the 67 signatures that had been generated. 

After these 67 signatures were reduced from four mean band reflectance 
values to two components, and clustered according to signature factor 
score similarity, a discriminant analysis was performed which created 
the scatter plot In Figure 4. Such figure depicts the spatial arrangement 
of signatures across a two-dimensional graph: the X-axis (discriminant 

function #1), represents a gradient of Increasing vl sable light reflectance 
from left to right; the y-axls (discriminant function 02), represents a 
gradient of Infrared light reflectance from bottom to top. Thus, signature 
#65 (upper right corner) Is associated with unvegetated bright areas 
such as snow, clouds, or bai'e surfaces; signature #25 (upper left). Is 
bright in Infrared light reflectance but low in vl sable light reflectance 
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LANDSAT DIGITAL DATA ANALYSIS: STAGES 3 AND 4 
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Figure 3. Summary of steps ir. Landsat digital data analysis: Stages 3 and 4. 
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which is diagnostic of wet meadow or irrigated agriculture areas; signature 
#61 (lower center) has very low reflectance of infrared and moderately 
low reflectance of visable light which would mean that it represents 
water or shadow areas. Of course* the discriminant analysis provides 
information, besides Figure 4, which is helpful in the process of understanding 
relationships among signatures; the analysis quantitatively assesses the 
integrity of the sigt. cure groups created by the cluster analysis which 
helps in the process of deciding whether to coifcine two signatures into 
one group or leave them separate. 

Preliminary digital print maos were produced for portions of the 
study area* with a unique pixel classification symbol assigned to each 
signature in Figure 4. As such print maps were compared with available 
field data and interpretations from aerial photographs and spectral 
curves, it was possible to partion the 67 signatures in Figure 4 into 
six major regions, only one of which is the focus of this study. The 
following provides a brief interpretation of the six major regions in 
Figure •+: Region I, aspen, conifer, and aspen/conifer mix forests; 

Region II, surface water and shadow; Region III, wet meadows, shrubs 
(i.e. principally maple) and some irrigated agriculture; Region IV, 
relatively moist areas dominated by herbaceous vegetation with scattered 
trees; Region V, relatively dry areas dominated by herbaceous vegetation, 
sometimes with scattered trees; Region VI, a variety of unforested areas 
from grass/forb meadows to bare soil or rock areas. 

Once Figure 4 was partitioned into regions, further study focused 
exclusively on Region I. Examination of field sites and photo sites 
matching the individual signatures within Region I of Figure 4, in 
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addition to the study of signature shapes and results from the discriminant 
analysis, led to the creation of sub-regions within Region I. Once a 
decision was made to combine two or more signatures into one group, a 
common print character was assigned to all signatures so that on subsequent 
print maps pixels classified being in any one of the group of signatures 
appeared the same. Figure 4 shows the signatures included in sub- 
regions selected and the print symbol assigned. Table 1 presents the 
mean reflectance values for the four Landsat spectral bands for each 
forest group (the "W" or water group is also included since it is useful 
in registering print maps to base topographic or orthophoto maps). Note 
that the process of combining signatures does not merge the signature 
statistics in any way, but simply involves assigning a common print 
character to more than one signature. Thus, the mean band values in 
Table 1, where more than one signature is included for a given map 
symbol, represent an average of the individual signature mean values 
presented in Appendix A; the mean band values for the signatures have 
been combined in this manner to simplify the graphical presentation of 
the signatures. 

Light signature curves for the map symbols in Table 1 and Region I 
of Figure 4 are presented in Figures 5 and 6. These signatures reflect 
a gradient of changing signature shape from map symbol to symbol 
examination of aerial photographs and available field site information 
suggest that this spectral gradient corresponds with a forest gradient 
which begins with aspen forests and proceeds to coniferous forests, with 
various aspen/conifer mixes in between. Three types of aspen forest, 
represented by symbols and "+" have been discussed in an earlier 

study (Merola and Jaynes 1982); since this study has focused on identifi- 
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Table 1. Mean values of reflectance for four Landsat spectral 
bands for the groups mapped. 


Map Symbol 

Signatures 

Included 

f Landsat Spectral Bands 1 

4 

5 

6 

7 

7 

43 

18.1 

16.8 

51.8 

63.1 

8 

9, 55 

16.4 

14.6 

49.0 

60.6 

9 

14 

16.0 

13.6 

45.2 

57.6 

X 

12, 44 

15.6 

13.2 

41.1 

51.0 

Y 

48 

16.2 

14.7 

41.1 

50.0 

Z 

53, 57 

16.7 

16.1 

39.2 

46.1 

& 

51 

14.7 

12.8 

35.7 

43.5 

- 

18, 21, 46 

16.9 

14.4 

59.3 

75.7 

if 

8, 19 

17.7 

15.3 

65.8 

87.1 

+ 

1 26, 47 

17.8 

15.6 

55.8 

69.0 

# 

j 

6, 7, 30, 52, 54 

14.1 

11.9 

30.7 

36.9 

$ 

35, 36 

17.5 

15.9 

24.9 

25.9 

w 

60, 61, 62 

29.5 

28.8 

17.3 

6.3 
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Figure 5. Light signature curves based on the group mean values shown in Table 1. 
The vertical axis represents reflectance values for the three different c 1 asses 
of pixels, as obtained from Landsat MSS data. The four points on the horizontal 
axis correspond to the spectral bands recorded by Landsat, with associated 
electromagnetic energy wavelengths in microns (10-®m). 
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Figure 6. Light signature curves based on the group mean values shown in Table 1. 

T*e vertical axis represents reflectance values for the three different classes 
of pixels, as obtained from Landsat MSS data. The four points on the horizontal 
axis correspond to the spectral bands recorded by Landsat, with associated 
electromagnetic energy wavelengths in microns (10-6m). 
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cation of aspen/conifer forest mixes, no further analysis of such maps 
symbols is presented here. Map symbol (conifer forest) shown in 
Figure 5, has received relatively minor emphasis in this study but is 
included to complete the aspen to conifer spectral gradient. Map symbol 
"#" along with map symbol "$" (scattered conifers on north facing slopes) 
and "W" (water and shadow) have been included in the digital print map 
overlays to aid in registration to base maps. Map symbol which was 
found generally to be associated with patchy or sometimes scattered 
conifers (with sane aspen) adjacent to coniferous forest areas, has also 
been included as an aid in map registration. 

The majority of interpretive effort was spent in obtaining photo 
interpretations of six map symbols which represent various forest mixes 
of aspen and conifer. A total of 102 photo sites were selected by identify- 
ing four or more pixels of the same signature per site on digital print 
maps, and then locating the same areas on aerial photography. Since the 
print maps were scaled to overlay onto the orthophoto quads, the task of 
finding photo sites was simplified. Table 2 presents the results of 
such interpretations for map symbols "7, 8, 9, X, Y, and Z"; note that 
the photo interpretations concentrated on overstory composition, canopy 
closure, and the plant life form for understory or vegetation in forest 
openings. 

The observations summarized in Table 2 provided the basis for the 
print symbol interpretations in the map legend, shown in Figure 7. 

Print symbr's "7, 8 and 9" exhibit a tendency toward a dominance of 
aspen witt the forest mix; print symbols "X, Y and Z" tend toward 
conifer dominance. The trends in the light signatures shown in Figures 
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Table 2. Sunmary of aerial photography interpretations regarding 
overstory composition, canopy closure, and understory or 
vegetation in forest openings for six map symbols representing 
aspen and conifer mixes. 


Map Symbol 

No. of 
Photo 
Si tes 

OVERSTORY 
COMPOSITION 1/ 

CANOPY 
CLOSURE 2/ 

UNDERSTORY OR VEGETATION 
IN FOREST OPENINGS 3/ 

7 

9 

M- As pen 


S/F/G 


2 

E 


G/F 


2 

M- Aspen 

CFO 

G/F 

8 

8 

E 

CC 

- 


2 

E 

OC 

S/F 


4 

M-Aspen 

OC 

G/F 


3 

M-Aspen 

OC 

G/F 

9 

5 

E 

CFO 

S 


2 

M-Aspen 

CFO 

G/F 


2 

E 

CFO 

G/F 


3 

E 

CC 

- 


3 

M-Aspen 

CC 

- 

X 

9 

M-Conifer 

CC 

- 


11 

E 

OC 

S/F/G 


5 

E 

OC 

S/F/G 


5 

E 

CC 


Y 

11 

M-Conifer 

OC 

G/F 

Z 

3 

E 

OC 

G/F 


7 

M-Conifer 

CFO 

S/F/G 


6 

E 

CFO 

S/F/G 


1/ Relative composition (5) of forest canopy: M=mostly (i.e. greater 
than 60%) aspen or conifer; E= even (i.e. between 40% to 60% each) 
aspen and conifer. 

2/ Forest canopy closure: CC= closed canopy, understory hardly visable; 

0C= open canopy, understory visable through tree-to-tree openings; 
CF0= closed canopy with forest openings, trees are close but 
forest has relatively large openings which allow a view of the 
understory. 

3/ Understory and/or ground vegetation visable in forests with open 

canopy or closed canopy with forest openings: S/F/G= shrub-forb- 

grass; S/F= shrub- forb; G/F= grass-forb; S=shrub. 
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Figure 7. Legend for the aspen-conifer forest succession map overlays. 
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5 and 6 suggest that the series of map symbols "7, 8, 9, X, Y and Z" 
should be correlated with increasing levels of conifers in the overstory 
composition; although photo interpretation did not allow a precise 
measurement of canopy composition to verify this trend directly, the 
information in Table 2 suggests that other factors may be involved in 
creating the spectral differences among the forest habitats mapped. For 
example, map symbol "7" was associated with closed canopies with forest 
openings whereas map symbol "8" was found to have either a closed or 
open canopy. As the digital print maps, an example of which is shown in 
Figure 8, are field verified, greater insights into the relationships 
between ground characteristics and spectral attributes will be gained. 

It seems clear, however, that Landsat is able to separate out aspen and 
conifer mixes from pure aspen and pure conifer stands. It would appear 
from information presently available that map symbols "7, 8 and 9" 
represent mid serai forests and map symbols "X, Y and Z" represent late 
serai forest situations. 

One of the advantages of having resource maps, such as Figure 8, in 
digital form is that it allows computer tabulation of areas covered by 
selected map classes. Table 3 presents the acreage tabulation of the 
map symbols shown in Table 1 for each quadrangle in the study area. 
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Figure 8. Portion of the Paris Peak U.S.6.S. quadrangle overlay (scale 1:24,000) 
of aspen/conifer forest succession overlays. 
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Table 3. Area tabulations for aspen, conifer and mixed forest groups for the regions mapped on each 
U.S.G.S. quadrangle. Map symbols correspond to the signatures In Figures 5 and 6, and the 
legend descriptions in Figure 7. 


State 

Idaho 


Utah 


Map Symbols 


USGS Quadrangle 

II 
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$ 
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1,835 
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2 72 
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804 
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1,357 
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408 
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2 
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283 

Egan Basin 
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746 
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388 
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2,485 
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St. Charles 
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402 
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351 
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2,405 

26 

Naomi Peak 
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1,930 

1,394 

1,367 
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1,148 

752 

1,693 

855 

4,868 
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Garden City 

49 
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771 

739 

702 

376 
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436 

841 

448 

1,526 
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Mt. Elmer 

685 

1,030 

1,136 

646 

1,018 

595 

1,312 

484 

1,031 

652 

3,710 
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Temple Peak 
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3,382 
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1,550 

2,445 
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1,157 

592 

1,058 

507 

2,864 
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Meadowvllle 

4i2 

1,613 

1,327 
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1,333 
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1,168 

421 

695 

742 

3,192 

27 

Logan Peak 
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2,638 

1 ,667 
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1,522 

841 

1,473 

390 

1,094 

634 

2,915 

282 

Boulder Mtn. 

2,071 

4,301 

2,820 

1 ,475 

1,540 

583 

652 

340 

492 

145 

558 

50 

Red Spur Mtn. 

310 

975 

1,133 

944 

1,282 

609 

951 

l 

1 

472 

546 

482 

1 

1,503 
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CONCLUSION 


Aspen* conifer and mixed aspen/conifer forests have been mapped for a 
15-quadrangle study area In the Utah- Idaho Bear River Range using Landsat 
multi spectral scannt ' data. Digital classification of Landsat data allowed 
the Identification of six groups of signatures which reflect different 
types of aspen/ coni fer forest mixing. Photo Interpretations of the print 
symbols suggest that such classes are Indicative of mid to late serai aspen 
forests. Further fie'. » verification Is needed to acquire additional 
Information about the nature of the forests which have been examined via 
remote sensing. Since aspen canopies tend to obscure understory conifers 
for early serai forests, a second date analysis, using data taken when aspens 
are leafless, could provide Information about early serai aspen forests. 

This study suggests that single date Landsat analysis will be a cost effec- 
tive means to index aspen forests which are at least In the mid serai phase 
of conifer Invasion. 
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Appendix A. Mean spectral band reflectance values 


Signature Landsat Spectral Bands 


Number 

n 

2 

3 


STAT 

1 

29.16 

33.29 

47.82 

49.38 

STAT 


23.22 

23.00 

68.67 

85.11 

STAT 

3 

26.11 

29.22 

62.00 

74.78 

STAT 

A 

24.78 

27.33 

55.44 

63.89 

STAT 

5 

29.00 

34.17 

56.94 

61.17 

STAT 

6 

13.57 

11.42 

27.17 

32.79 

STAT 

7 

15.70 

14.16 

33.77 

39.87 

STAT 

8 

17.20 

14.67 

63.63 

83.05 

STAT 

9 

16.48 

14.19 

49.54 

62.07 

STAT 

10 

18.09 

17.46 

43.98 

51.72 

STAT 

n 

25.89 

29.67 

53.73 

57.44 

STAT 

12 

15.16 

12.14 

39.71 

48.86 

STAT 

is 

22.83 

21.44 

65.33 

78.33 

STAT 

l* 

16.00 

13.61 

45.22 

57.56 

STAT 

15 

22.06 

23.47 

39.47 

42.25 

STAT 

16 

23.06 

23.42 

47.31 

52.28 

STAT 

17 

19.67 

18.53 

39.06 

45.03 

STAT 

18 

17.00 

14.23 

60.02 

78.23 

STAT 

19 

18.11 

15.80 

67.81 

91.06 

STAT 

2 C 

y. .78 

38.89 

66.76 

72.33 

STAT 

21 

16.16 

13.24 

57.00 

73.53 

STAT 

27 

31.59 

39.19 

55.74 

5 7.93 

STAT 

23 

40.44 

52.22 

67.00 

66.78 

STAT 

29 

3b. 67 

43.11 

60.33 

63.67 

STAT 

2b 

If .06 

15.22 

72.83 

97.22 

STAT 

2f 

17.56 

15.18 

54.72 

6 < • 50 

STAT 

27 

35.22 

43.00 

52.89 

52.67 

STAT 

28 

20.67 

21.06 

34.06 

37.89 

STAT 

29 

31.44 

38.89 

62.44 

67.11 

STAT 

3r 

12.69 

9.52 

29.00 

35.19 

STAT 

31 

24.81 

26*67 

43.11 

46.50 

STAT 

32 

25.2 2 

27.11 

34.56 

33.89 

STAT 

33 

26.78 

33.70 

44.56 

45.37 

STAT 

34 

27. 2 S 

31.44 

38.78 

38.94 


27 


the 67 light signatures used In this study. 
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